Abstract: Prevalence of chronic hepatitis C (CH-C) infection in patients of Asian ancestry ranges between 1% and 20%. Interferon (IFN)-and ribavirin (RBV)-containing regimens for CH-C have a negative impact on patient-reported outcomes (PROs) during treatment.
INTRODUCTION
T he Asian population carries a high burden of hepatitis C virus (HCV) infection, although the actual numbers may vary depending on their country of origin. The highest HCV prevalence rate has been noted to be in Taiwan at 4.4%, though in some endemic areas in Japan, the prevalence rate has been cited to be as high as 20%. 1 Despite a relatively lower prevalence rate (1%-1.9%), the absolute number of HCV-infected patients is still the greatest in China as compared with other Asian countries. [1] [2] [3] In the United States, the prevalence of Hepatitis C in the Asians has been reported to be higher (4.2%) than the general US population rate of 1.3%. [4] [5] In addition, the genotype distribution in the Asian patients with HCV can also vary. In a recent study from Thailand, HCV genotype 3a was the most predominant (36.4%), followed by 1a (19.9%), 1b (12.6%), 3b (9.7%), and then 2a (0.5%). Furthermore, these investigators have also reported differences in HCV genotypes between the northern and the southern Thailand. 6 In fact, HCV genotype 1 was found throughout Thailand, whereas genotype 3 was more common in the South and genotype 6 was more common in the North. Within Southeast Asia, high prevalence of HCV genotype 6 was reported in Myanmar, Laos, and Vietnam, as well as in Hong Kong, [1] [2] [3] 6 whereas genotype 3 was more prevalent in Malaysia, and genotype 1 was more prevalent in the island nations of Singapore, Indonesia, and Philippines. 6 However, in another study from the United States, the majority of Asian patients with HCV are found to have genotype 1 (1a, 20%; 1b, 35%; and 1 other, 7%). 7 This is most likely because of a large proportion of Americans of Asian ancestry immigrating from South Korea and Taiwan where genotype 1 is more prevalent, whereas only 10% of Asian-Americans with HCV have genotype 6. 7 This issue is especially important as genotypes are known to influence response to IFN-based therapy as well as response to sofosbuvir (SOF) and ribavirin (RBV). [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] The new direct-acting antivirals (DAA)-based regimens with SOF and ledipasvir (LDV) have been reported to have high sustained virologic response (SVR) rates in genotype 1, 4, and 6. [16] [17] [18] [19] [20] [21] [22] [23] Furthermore, SOF/LDV is not only associated with very high response rates but also with improvement in patientreported outcomes (PROs) during treatment and after achieving SVR. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Although the impact of ethnicity to the outcomes of IFN-based CH-C treatment has been suggested, 24 there is very little data regarding the effect of the new regimens on the PROs of HCV patients of Asian descent. Therefore, the aim of this study was to assess the effect of IFN-free RBV-free regimen with LDV/SOF on the PROs of CH-C patients of Asian ancestry enrolled in large clinical trials.
METHODS
The PRO data from 12 multicenter multinational phase 3 clinical trials of SOF-based regimens with and without IFN, LDV, and/or RBV conducted in 2012 to 2014 in the United States, Canada, Europe, Australia, and New Zealand were used. [18] [19] [20] [21] [22] [23] Only patients who reported to be of Asian ancestry were included. The participants were of all HCV genotypes, treatment-naive or experienced, without cirrhosis or with compensated cirrhosis, with or without coinfection with HIV. Patients' medical history was collected at screening. Treatment-related adverse events were recorded by the trials' investigators.
At baseline, during treatment, and post-treatment (up to 12 weeks after treatment cessation), while blinded to their current HCV RNA level, patients completed 4 validated PRO questionnaires (Short Form-36 
Descriptions of PRO Instruments

SF-36
For assessment of their health-related quality of life (HRQL), patients completed the SF-36 instrument. 25 This instrument consists of 8 partially correlated HRQL scales, all transformed to range from 0 to 100 with higher values reflecting less health impairment: physical functioning (PF), role physical (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), role emotional (RE), and mental health (MH). This instrument also includes the 2 summary scores, namely, the Physical Component Summary (PCS) and Mental Component Summary (MCS), which are linear combinations of the 8 scales adjusted for the interscale correlations. The SF-36 scales and summary scores were calculated using the QualityMetric Health Outcomes Scoring Software 4.5 (Lincoln, RI) and the 2009 US population norms, as described before. 12 
SF-6D
Using items of the SF-36v2 instrument, we also calculated the SF-6D health utility index. Typically, health utility scores are used to appreciate patients' preference for a quality of life, or to compare healthcare interventions by calculation of qualityadjusted life years to assess cost-effectiveness and other quantifiable metrics. 26 In this study, we used a previously reported nonparametric Bayesian algorithm and a scoring program provided to us by the University of Sheffield under the terms and conditions of noncommercial end-user license agreement.
CLDQ-HCV
The CLDQ-HCV is another widely used and validated HRQL instrument developed specifically for assessment of HRQL in patient with chronic HCV infection. 27 It includes 29 items and 4 HRQL scales: activity and energy, emotional (EM), worry (WO), and systemic (SY). These scales are averaged to the total CLDQ-HCV score that ranges from 1 to 7 with higher values representing better HRQL.
FACIT-F
The FACIT-F is a fatigue-specific PRO instrument. 28 It assesses 5 individual scales, including 4 HRQL scalesphysical (PWB), emotional (EWB), social (SWB) and functional (FWB) well-being,-and a fatigue subscale (FS), all added up to a total FACIT-F score (ranges 0-160, with greater values reflecting better health and less fatigue).
WPAI:SHP
The WPAI:SHP instrument assesses impairment in daily activities and work associated with a specific health problem. It includes work productivity impairment (WI) and activity impairment (AI) domains, 29 both measured using a 1-week recall period. The WI domain, which is assessed only in individuals who report being currently employed, is a sum of absenteeism and presenteeism domains. Unlike other PROs, higher WI and AI represent worse health status with more impairment (range 0-1 with 1 representing total inability to perform work or activities).
Statistical Analysis
Treatment regimens were grouped into 2 types regardless of treatment duration:
, and IFN-free RBV-free (LDV/SOF). For all collected clinicodemographic parameters, treatment-related adverse events, and treatment outcomes, as well as for all PROs and SF-6D utility scores at all study time points, the prevalence in percent or mean and standard deviation were calculated within each treatment type cohort separately. Pearson x 2 test for independence or a Wilcoxon nonparametric test was used for comparison of these parameters between the treatment type cohorts at all applicable time points. The decrements in PROs and utilities from patients' own baseline were calculated for each patient at each subsequent time point, and Wilcoxon tests were applied to compare them to zero (sign rank) and between the treatment type cohort (rank sum) where applicable.
Independent predictors of PROs were assessed using multiple linear regression with the use of an IFN-free RBVfree regimen being used as a potential PRO predictor during and after treatment. Other potential PRO predictors were age, sex, BMI, location, baseline hemoglobin, HCV viral load and ALT (at day 1), pre-treatment history of psychiatric disorders selfreported at screening, treatment history, the duration of treatment in weeks, achieving viral clearance (at post-treatment week 4 only), and the presence of cirrhosis.
P values of 0.05 were considered potentially significant. All statistical analyses were run in SAS 9.3 (SAS Institute, Cary, NC).
Each clinical trial included in this study was approved by each site's Institutional Review Board.
RESULTS
Patient Population
A total of 4485 CH-C patients were treated with different SOF-based regimens in the 12 trials. Of these, 106 patients indicated to be of Asian ancestry (55.7% male, 40.6% enrolled in the United States, 69.8% treatment-naïve, 17.0% cirrhotic). In comparison with other CH-C patients, the Asian CH-C cohort was younger (46.5 AE 11.6 vs 52.2 AE 9.9 years, P < 0.001), had lower BMI (25.6 AE 4.5 vs 27.4 AE 5.2, P < 0.001), and lower rates of pretreatment psychiatric comorbidities (anxiety 3.8% vs 17.0%, P < 0.001, depression 9.4% vs 26.4%, P < 0.001, sleep disorders 4.7% vs 19.3%, P < 0.001). The rates of cirrhosis, anti-HCV treatment history, as well as the rates of pretreatment type 2 diabetes mellitus or hyperglycemia and clinically overt fatigue were similar between Asian and non-Asian patients (all P > 0.05).
Treatment regimens included those that contained IFN and/ or RBV with or without SOF (RBV AE IFN [þSOF] ; N ¼ 90) and those which were free of IFN and RBV (LDV/SOF; N ¼ 15). Treatment duration varied from 8 to 24 weeks. Demographics and baseline clinical parameters of the Asian patients were similar between the treatment type cohorts, except for the location and treatment history (owing to the design of the trials, since different treatment regimens were studied in different CH-C populations and also in different countries) [17] [18] [19] [20] [21] [22] [23] (Table 1) . As compared with RBV AE IFN-containing regimens, patients receiving IFN-free RBV-free LDV/SOF were less 
Patient-reported Outcomes in Chronic Hepatitis C Patients of Asian Ancestry
When compared with other CH-C patients, the SF-36 PF scores were lower in Asians (Table 2 ). This may have been related to slightly lower baseline hemoglobin in these patients (14.1 AE 1.6 vs 14.7 AE 1.3 g/dL, P < 0.001). However, Asian patients with CH-C had slightly higher baseline SF-36 MH scores and FACIT-F functional scores compared with patients of other ethnicities ( Table 2 ). In the Asian cohort, there were no differences in PRO scores by treatment group observed at baseline (all P > 0.05).
During treatment with IFN-free RBV-free LDV/SOF, Asian CH-C patients showed no significant decrement in their PROs (all P > 0.05). In fact, some PRO improvement in that treatment type cohort was observed starting as early as treatment week 4 (on average, þ5.2 in GH of SF-36, þ0.7 in WO of CLDQ-HCV, both P < 0.01) (Figure 1, Supplementary Table 1 , http://links.lww.com/MD/A741). By the end of treatment (Figure 2) , the average improvement in GH became more prominent: þ9.0 (P ¼ 0.034); in fact, 66.7% of Asian patients experienced at least some improvement in GH by the end of treatment with the IFN-free RBV-free LDV/SOF regimen.
In contrast, patients experienced a decline in their PRO scores while receiving RBV AE IFN-containing regimens (Supplementary Table 1 , http://links.lww.com/MD/A741 Figures 1-2) . In particular, substantial decrements in most of the domains of SF-36, PWB, fatigue, and total of FACIT-F, all but one domains of CLDQ-HCV, and work productivity and activity of WPAI:SHP were observed starting week 4 of treatment in these patients. By the end of treatment, the majority of these decrements persisted and/or became of a greater magnitude (Figures 1-2 Figure 3) , although those were largely of a smaller magnitude. At the same time, PRO improvement in patients who received IFNfree RBV-free treatment became greater (on average, þ12.2 in GH, P ¼ 0.0029) or achieved statistical significance (EM and total of CLDQ-HCV, SF-6D). In fact, at least some improvement in GH was experienced by 80% of patients, and in all these patients this improvement was equal to or exceeded the minimal clinically important difference (MCID) of 5% of the range size.
After achieving SVR-12 (N ¼ 90), all PROs returned to their baseline levels or improved regardless of the regimen (all P > 0.05 between regimens) (Supplementary Table 1 
com/MD/A741).
When compared with non-Asians, some baseline differences in PROs were found as described above (Table 2) 
Independent predictors of PROs in Asian CH-C patients
In multivariate analysis of Asian patients, the use of IFNfree RBV-free LDV/SOF was consistently associated with better PRO scores during treatment: where significant, betas FIGURE 1. Changes in PROs in Asian patients by treatment week 4 with sofosbuvir-containing regimens. The PROs are normalized to a 0%-100% scale. Average across all 26 PROs: À7.4% (min À19.5%, max þ1.9%) in RBV AE IFN (þSOF); þ2.8% (min À3.0%, max þ12.2%) in LDV/SOF. FIGURE 2. Changes in PROs in Asian patients by the last day of treatment with sofosbuvir-containing regimens. The PROs are normalized to a uniform 0%-100% scale. Average across all 26 PROs: À7.2% (min À13.5%, max þ2.3%) in RBV AE IFN (þSOF); þ1.8% (min À5.3%, max þ9.6%) in LDV/SOF. range from þ15.0% to þ29.3% (all P < 0.05). Other predictors of PRO impairment were consistent with prior reports. [10] [11] [12] [13] [14] [15] [16] [17] In particular, pretreatment history of depression was associated with À16.3% to À33.4% in PROs at different off-treatment time points, whereas no association was found during treatment. However, the association of pretreatment history of type 2 diabetes or hyperglycemia with lower PROs was observed at baseline, during and soon after treatment cessation (beta from À12.3% to À30.2%, all P < 0.05). The association of other predictors, such as not having achieved SVR, older age, lower BMI, history of clinically overt fatigue, location, and history of anti-HCV treatment, with decrements in PROs was less consistent across multiple domains and multiple time points (Supplementary Table 2 , http://links.lww.com/MD/A741).
In another round of multivariate analysis, Asian ethnicity was tested as a potential predictor of PROs before, during, and after the end of treatment; the entire cohort of patients was used. After adjustment for PRO predictors described above, Asian ethnicity was independently associated with lower PCS at multiple time points (beta from À6.6% to À10.6%), as well as lower self-reported work productivity (beta from À9.0% to À10.0%) and also other PROs at different time points (beta from À4.7% to À10.6%, all P < 0.035) (Supplementary Table  3 , http://links.lww.com/MD/A741).
DISCUSSION
In this study, we investigated the potential impact of RBVand/or IFN-containing regimens (LDV/SOF) to PROs in CH-C patients of Asian descent. Our data show that Asian patients with CH-C have significant PRO impairment at baseline, which gets exacerbated while being treated with RBV-or IFN-containing regimens. In contrast, these patients experienced no decrement in PROs with LDV/SOF and, in fact, showed improvement in some aspects of their PROs during treatment. One of the important issues in this cohort was related to the side effects. In fact, Asian CH-C, as compared with non-Asians, experienced significantly more side effects from the RBV AE IFN-containing treatment regiments assigned. Indeed, 91% of Asian patients receiving an IFN-or RBV-containing regimen experienced at least 1 side effect versus 75% of nonAsians (P < 0.001). In particular, they had more fatigue, flu-like symptoms, muscle pain, and skin disorders (data not shown). In contrast, very few to no side effects were reported in Asian patients with the LDV/SOF regimen. These findings are important when interpreting the PROs, and are in contrast to previous reports regarding Asian patients treated for CH-C. Specifically, one previous report suggested that the Asian patients with CH-C were better able to tolerate interferon-based treatments and, therefore, had a higher ''cure'' rate than white patients. [30] [31] [32] In this, we showed that in Asians with CH-C SVR was higher in subjects treated with LDV/SOF (83% in RBV AE IFN, 100% in LDV/SOF). Furthermore, patients receiving IFN AE RBV (þSOF) had significant negative changes in some aspect of their PROs during treatment, particularly in the areas of role performance, general health, VT, and well-being. Even more important, these changes occurred earlier during the course of treatment when compared with non-Asian CH-C patients. One potential explanation for a faster decline of PROs during treatment with IFN and/or RBV may be related to body weight since the body weight of Asian patients is generally 10 to 15 kg lower compared with Western patients, in particular the East Asian women. 24, 30, 33, 34 In this study, there was also a significant difference in BMI between Asians and non-Asians: 25.6 AE 4.5 vs 27.4 AE 5.2 (P < 0.001). However, all treatmentemergent decrements in HRQL and other PROs were resolved in patients who achieved SVR-12.
On the contrary, Asian CH-C patients who received LDV/ SOF were reporting better general health as early as 4 weeks into treatment as compared with both RBV AE IFN-containing arm and to their own baseline levels. This trend also continued throughout treatment and at least by post-treatment week 4, although by SVR-12 time point no statistically significant difference between the treatment regimens was noted.
These are very encouraging findings and are in line with recent data reported on the substantially better PROs for those patients who have received the new anti-HCV regimens without IFN or RBV. A more unique finding of this study with the Asian population is that the use of IFN-free RBV-free LDV/SOF for treatment predicted better PROs over most of other expected predictors such as the absence of psychiatric disorders or type 2 diabetes.
However, in the context of studying PROs and HRQL, it is important to consider the impact of cultural hesitancy for the Asian patients with CH-C to discuss their MH issues. In fact, the Division of Mental Health of the World Health Organization (WHO) offered one of the first definitions that explicitly identified culture as an important determinant of HRQL. 31, 32 In studies using SF-36 in the Asian population, it was found that Asians may have a different conceptualization of physical and mental health as compared with the Western populations. 32, 35, 36 In this context, researchers need to be aware of these differences when interpreting HRQL findings in patients of different cultural backgrounds and ethnicities.
A major limitation of our study is the relatively small sample size of Asian patients included in the trials, and that the Asian cohort was enrolled in Western countries only. Nevertheless, this is the largest study of PROs in Asian patients with HCV who are treated with the new anti-viral regimens.
Furthermore, despite the sample size, we were able to show significant PRO differences related to different anti-HCV treatment regimens.
In summary, our data show that Asian patients with chronic hepatitis C treated with IFN-and/or RBV-containing regimens had substantial reduction in their PROs, most likely owing to unfavorable side effect profile of these regimens. However, the use of IFN-and RBV-free regimens with a fixed-dose combination of ledipasvir and sofosbuvir leads to PRO improvement in Asian patients. Finally, achieving clearance of HCV infection was observed together with significant PRO improvements. These data, once confirmed in larger studies, could inform patients, clinicians, and policy makers about the comprehensive benefit of the new IFN-free RBV-free regimens for patients' experience and patients' health.
